In this work, we analyze the initial eruptive process of an extremely long duration C7.7-class flare that occurred on 2011 June 21. The flare had a 2 hr long rise time in soft X-ray emission, which is much longer than the rise time of most solar flares, including both impulsive and gradual ones. Combining the facts that the flare occurred near the disk center as seen by the Solar Dynamic Observatory (SDO) but near the limb as seen by two Solar Terrestrial Relations Observatory (STEREO) spacecraft, we are able to track the evolution of the eruption in 3D in a rare slowmotion manner. The time sequence of the observed large-scale EUV hot channel structure in the Atmospheric Imaging Assembly (AIA) high-temperature passbands of 94 and 131 Å clearly shows the process of how the sigmoid structure prior to the eruption was transformed into a near-potential post-eruption loop arcade. We believe that the observed sigmoid represents the structure of a twisted magnetic flux rope (MFR), which has reached a height of about 60 Mm at the onset of the eruption. We argue that the onset of the flare precursor phase is likely triggered by the loss of the magnetohydrodynamic equilibrium of a preexisting MFR, which leads to the slow rise of the flux rope. The rising motion of the flux rope leads to the formation of a vertical current sheet underneath, triggering the fast magnetic reconnection that in turn leads to the main phase of the flare and fast acceleration of the flux rope.
Introduction
The triggering mechanism and 3D coronal magnetic configuration during coronal mass ejection (CME) initiation are of great interest in solar physics; however, they are still under intense debate. The question remains as to whether or not the flux rope-a helical magnetic structure believed to lie at the heart of a CME-exists before the eruption (Qiu et al. 2007; Cheng et al. 2010; Zhang et al. 2012; Song et al. 2014; . This is crucial to understanding the initiation mechanism of eruptions. White-light observations of CMEs in the outer corona often exhibit a typical "three-part" structure (Illing & Hundhausen 1985; Riley et al. 2008 ), consisting of a bright outer layer of compressed plasma followed by a large dark cavity and a bright prominence core in the cavity. A subset of interplanetary coronal mass ejections (ICMEs), the counterpart of CMEs observed in situ, contains so-called magnetic clouds (MCs), which can be well modeled as a large MFR based on the observed time sequence of the magnetic field (e.g., Burlaga et al. 1981; Gosling 1990; Lepping et al. 1990; Burlaga 1995; Vourlidas et al. 2013; Wang et al. 2015) . These studies suggest that the fundamental magnetic structure of a CME is essentially an MFR, i.e., a structure of twisted magnetic field lines wrapping around a central axis.
However, the full 3D magnetic structure of CMEs prior to the eruption and during the early initiation phase remains elusive. A sigmoidal configuration in solar active regions prior to the eruption was often found in soft X-ray (SXR) and EUV observations (e.g., Aurass et al. 1999; Canfield et al. 1999; Vršnak et al. 2003; Canfield et al. 2007; Tripathi et al. 2009; Green et al. 2010; Liu et al. 2010; Huang et al. 2011) . These EUV and SXR sigmoids were often interpreted as the disk signature of MFRs (e.g., Pevtsov et al. 1996; Aurass et al. 1999; Canfield et al. 1999) . Recently the EUV hot channels, i.e., observed in AIA 131 Å and 94 Å passbands, which correspond to a formation temperature higher than 6 MK, were found to continuously transform from a sigmoidal structure into a semicircular CME shape based on high-temperature passbands of the AIA instrument on board the Solar Dynamic Observatory (SDO), and the hot channel was interpreted as strong evidence of preexisting MFRs (Liu et al. 2010; Zhang et al. 2012) . When seen along the axis of the hot channel, it appeared as a rising blob or "fire ball" of hot plasma (Cheng et al. 2011; Su & van Ballegooijen 2012; Patsourakos et al. 2013; Song et al. 2014) . Patsourakos et al. (2013) presented the direct observational evidence of a fast CME being driven by a destabilized preexisting coronal MFR. Chintzoglou et al. (2015) uncovered the formation and preexistence of a flux rope via confined flaring events (8 hr before eruption) using AIA imaging that was also supported by nonlinear force-free field (NLFFF, e.g., Canou et al. 2009; Wiegelmann & Sakurai 2012) extrapolations. Observational cases of preexisting flux ropes supported by modeling (in a similar way that modeling should be showing null points or hyperbolic flux tubes (HFTs) above active regions [ARs] as a support for the breakout scenario) are strongly suggesting that flux ropes do preexist eruptions. All these studies inferred the existence of MFRs, which are intrinsically 3D in nature, from 2D projected imaging observations. However, the exact 3D structure of MFRs, such as the shape, height, and locations of footpoints, has not been directly measured and presented in these studies.
The exact pre-eruption magnetic structure should be intimately related to the triggering mechanism of CMEs, as elaborated by various theoretical models. Using the existence or nonexistence of MFRs as a discriminator, theoretical models largely fall into two different categories. The first category of models requires the preexistence of MFRs and argues that the ideal kink and/or torus MHD instability of MFRs triggers the eruption (Hood & Priest 1981; Kliem & Török 2006) . The kink instability occurs if the twist, a measure of the winding of the field lines around the flux rope axis, exceeds a certain critical value (Hood & Priest 1981; Török et al. 2004; Kliem & Török 2006; Wang et al. 2016) . The torus instability takes place when the overlying restraining magnetic field decreases fast enough that the restraining force could not balance the outward Lorentz self-force (or the hoop force due to the self-repulsion of the toroidal current) of the underlying arched MFR anymore; the onset of the instability can be characterized by a critical magnetic decay index along the height (Kliem & Török 2006; Olmedo & Zhang 2010) . On the other hand, the second category of models does not require the preexistence of MFRs and assumes an alternative magnetic structure such as the sheared arcade. These models argue that the magnetic reconnection is the trigger of the eruption and also leads to the formation of a full MFR during the eruption (Antiochos et al. 1999; Moore et al. 2001) .
The evolution process of CME eruptions, along with the associated flare, has distinct phases as shown from observations. Three distinct phases are conventionally defined based on the time profile of the Geostationary Operational Environmental Satellites (GOES) SXR emissions: preflare phase, rising phase, and decay phase. The impulsive phase of flares, a terminology adopted from hard X-ray observations (e.g., Benz 1993) , is well known to correspond to the rising phase in SXR profiles. Previous studies revealed that the preflare and impulsive phases of a flare have a strong temporal correlation with the CME initiation and fast-acceleration phases, respectively (e.g., Zhang et al. 2001; Zhang & Dere 2006) . Thus, the corresponding phases of flares and CMEs seem to be coupled and possibly controlled by the same eruption mechanisms. To describe these coupled stages, we use the nomenclature of (1) the precursor phase, (2) the impulsive phase, and (3) the decay phase. The precursor phase has been observed in flares across a wide electromagnetic spectrum, presenting emission enhancement before the impulsive phase in radio, Hα, and UV to EUV multiwavelength spectroscopic observations (e.g., Bumba & Krǐvský 1959; Martin 1980; van Hoven & Hurford 1984; Cheng et al. 1985; Warren & Warshall 2001; Contarino et al. 2003; Fárník et al. 2003) . Recently, Zhou et al. (2016) found a precursor signature acting as a transverse oscillation of the MFR prior to the onset of an X-class flare. Moore & Sterling (2006) have suggested that different initiation mechanisms may result in different precursor features. The precursor brightening that occurs near the magnetic polarity inversion line (PIL) fundamentally distinguishes the internal tether-cutting mechanism from the external tether-cutting (or breakout) mechanism. No precursor brightening has been predicted for the eruption mechanism of the ideal MHD instabilities (Moore & Sterling 2006; Chifor et al. 2007) .
The improved knowledge of the exact magnetic structure of CMEs, along with its evolution in the early stage, holds the key to understanding CMEs. In this paper, we address these important issues by analyzing the initial stage of a CME that erupted on 2011 June 21 with a speed of more than 700 km s −1 . In particular, this event has an unusually long rising phase in SXR, about 2 hr-the longest-rise-phase event to our knowledge. The evolution, in terms of morphology, temperature, and kinematics, all over a long time, presents us with the opportunity of a much more detailed study of CME initiation than most other events in the past. Further, the combined SDO and Solar Terrestrial Relations Observatory (STEREO) observations allow us to determine the exact 3D structure of the involved MFR before and during the eruption. Data and results are presented in Sections 2 and 3, respectively. We discuss the possible mechanisms to explain the observed evolution and make a summary in Section 4.
Instruments
The 3D morphology and evolution of the CME structure in the source region were observed from low to high temperatures in multiple wavelengths and from different viewing angles in space. On 2011 June 11, STEREO Ahead and Behind were about 94°west and 92°east, respectively from the Sun-Earth line along the ecliptic orbit around the Sun, while the SDO was situated near Earth. The AIA ) on board the SDO (Pesnell et al. 2012) Lemen et al. 2012) . The same passband of 304 Å from both the STEREO-A/B-EUVI suits is used to ensure the same low-temperature structure seen from different views in space, thus allowing the 3D reconstruction of the structure of concern. The X-ray Telescope (XRT; Golub et al. 2007 ) on board Hinode (Kosugi et al. 2007 ) provides coronal images in a broad temperature range (∼1-10 MK; Narukage et al. 2011) . Meanwhile, the AIA hot passbands (∼10 MK at 131 Å and ∼6.4 MK at 94 Å) would also provide observations of the hot structure with much higher temporal and spatial resolutions. Note that the AIA 131 Å passband contains both hot (10 MK) and cool (0.4 MK) components. RHESSI (Lin et al. 2002) provides images of solar flares in energetic photons allowing spectrum analysis of both thermal and nonthermal emissions. GOES SXR records the SXR flux ranging in separate passbands, 1.0-8.0 Å and 0.5-4.0 Å. Combining the observations from all these instruments, the low-temperature filament, warm coronal loops, and hot eruptive features were all sufficiently distinguishable.
Observations and Results

The Event
On 2011 June 21, a GOES C7.7-class SXR flare occurred with the onset time at 01:18 UT, based on the SWPC (Space Weather Prediction Center) report. The unusual property of this event is that its 1.0-8.0 Å SXR flux gradually increased for more than 2 hr and finally reached its maximum value at 03:26 UT; the SXR flux returned to the pre-eruption background level at around 12:00 UT, about 8 hr later. Obviously, this is an extremely long duration event (LDE). The entire event lasted as long as 11 hr (Figure 1(a) ). The rising phase for most flares usually lasts for minutes or tens of minutes (Sterling & Moore 2005; Williams et al. 2005; Schrijver et al. 2008) , but no more than 1 hr. The 2 hr long rising phase of this event is rare, indicating that the event had experienced an unusually slow change with time during its energy release phase when the flare flux was increasing and CME acceleration was ongoing. This property of slow initiation is an obvious advantage for the research of the initiation mechanism of solar eruptions, since detailed evolution could be obtained from prolonged observations. The pre-eruption structures in various temperatures of this long-duration event are shown in Figures 1 and 2 . The source region is located in NOAA AR 11236 at coordinates of ∼16°e ast, 04°north as seen from Earth during the period of the event. A distinct J-shaped structure resided in the AIA images of low-temperature passbands (Figures 1(b) - (d)), and it became slightly more diffusive in the AIA warm passband at 335 Å (Figure 1(e) ). In the AIA 131 Å hot passband (Figure 1(f) ), a bright J-shaped structure was present and shared the same position as the filament observed by the AIA 304 Å passband (Figure 1(g) ). Due to the blending emission from the cool ∼0.4 MK Fe VIII line at 131 Å, the hot component is not easily distinguished from the cool component, such as coronal loops and filaments, as the source active region is close to the disk center. To further investigate the hot component that may isolate the potential erupting structure in the core region, the six AIA optically thin coronal passbands, i.e., 131 Å, 94 Å, 335 Å, 211 Å, 193 Å, and 171 Å, are used to reconstruct the map of differential emission measure (DEM) weighted average temperature based on the DEM methods (Schmelz et al. 2011; Cheng et al. 2012; Hannah & Kontar 2012; Song et al. 2014 ). The observed flux F i is the result of the convolution of the emission with the instrument response., i.e.,
where R i (T) is the temperature response function of filter i. For this work, the "xrt dem iterative2.pro" Weber et al. 2004 ) routine in the Solar SoftWare (SSW) package (http:/www.lmlsal.com/solarsoft) is utilized to compute the DEM. In this procedure, the initial DEM is guessed and folded through the R i (T) to generate predicted fluxes, which are iteratively used to reduce the c 2 between the actual and "model" observations. Further details and testing of the robustness of the method were discussed by Cheng et al. (2012) . In this paper we use a parameter that characterizes the overall temperature of the plasma, i.e., the DEM-weighted average temperature per pixel defined in the following formula:
After pixel-by-pixel calculation, a map of DEM-weighted average temperature (Song et al. 2014) has been reconstructed as shown in Figure 2 (c). A conspicuous high-temperature sigmoidal structure is now standing out in the same active region; such a sigmoid appeared about 1 hr prior to the onset of the flare. This structure is also recorded in the sigmoid catalog: aia.cfa.harvard.edusigmoid.shtml (Savcheva et al. 2014) . From the Earth view, a branch of filament is projected onto the same site where the hot sigmoid is located (Figure 2(d) ). These observations indicate that the sigmoidal structure is about 6 MK hot, while also containing a significant amount of cool filament material along the same PIL. This kind of multitemperature component sigmoidal structure has been considered as good evidence of an MFR existing before the onset of the precursor phase. Furthermore, there existed a hightemperature arcade surrounding the hook section on the west part of the sigmoid. These overlying arcades can be seen from the XRT image ( (Figure 2(b) ) and the map of DEM-weighted average temperature ( (Figure 2(c) ). The presence of the arcade on the west obscured the full view of the sigmoid in the west, thus making the whole structure appear more like a J shape in the XRT image owing to its broad temperature coverage.
3D Reconstruction of the Sigmoid
Sigmoidal regions are more likely to erupt than nonsigmoidal regions. By analyzing 117 active regions observed by Yohkoh SXT in 1993 and 1997 , Canfield et al. (1999 found that 84% of sigmoidal regions were eruptive, whereas 50% of nonsigmoidal regions were eruptive. Yet, its exact 3D structure has not been obtained in almost all previous studies. There is no doubt that an observed sigmoid should be intimately related to the configuration of a perceived MFR, from which a CME originates. However, because of the lack of direct measurement of magnetic fields in the corona, there remains a controversy on how exactly a sigmoid is related to an MFR. One theory argued that the sigmoid shows the emission of the main body of a kinked flux rope ; on the other hand, in the popular model of Titov & Démoulin (1999) , the sigmoid is the boundary layer of a largely unkinked flux rope, or the socalled bald patch separatrix surface. Here we simply show that the observed sigmoidal structure is the structure of the MFR itself.
A sigmoid is usually traced out by emissions from hot plasmas, as illustrated in Figures 2(a)-(c) . On the other hand, it could also be traced out by the existence of a filament, as shown in Figure 2(d) , when the cool material of the filament and the hot material of the sigmoid, both located within or close to the flux rope, are nearly co-spatial. It is generally regarded that the cool filament material is collected at the dips of helical field lines in an MFR and is supported by the tension force of the magnetic field lines against the gravity (Gibson & Fan 2006 , and references therein). Model calculations show that there exists a close spatial association between the total distribution of the extrapolated MFR dips and the whole filaments (Pevtsov et al. 2002; Guo et al. 2010; TandbergHanssen 2013) . Cheng et al. (2014b) showed that the hot EUV channel, the EUV counterpart of usually X-ray sigmoids, overlapped well with the prominence for an eruption over the limb. Thus, we believe that, for the event of study in this paper, the observed filament structure traces out the sigmoid and also the presumed MFR.
Using filament/prominence observations from multiple spacecraft, we employ the method of tie pointing (SCC MEASURE) within the STEREO branch of the Solar SoftWare (SSW) package (http://www.lmlsal.com/solarsoft), to reconstruct the exact 3D structure of the observed sigmoid. The tiepointing method is based on the exact identification of the same point in 3D space as viewed from different angles The point (X2, Y2) at the intersection between the projected line and the identified feature, as indicated by the blue arrow in Figure 3 (d), in combination with the original point (X1, Y1), can be used to calculate the true 3D coordinates (X, Y, Z) of the selected point, based on 3D triangulation. In order to avoid any false identification of common features of images from different viewing angles, the time-elapse evolution of features has been carefully examined to ensure the consistency. Images from the same passband (304 Å wavelength) are used to guarantee the observation of the same feature from different views, which may vary significantly from cool to hot temperatures. Also note that filaments are usually optically thick in 304 Å wavelength; thus, the line-of-sight integration effect is of no concern. However, due to possible occultation of multiple optically thick components along the line of sight, both images from STEREO-A and STEREO-B were used to help resolve the occultation effect, revealing the front and rear parts (corresponding to western and eastern parts from SDO; see Figure 3 ) along the filament. With these procedures, the 3D heliocentric inertial coordinates (HICs) of any commonly identified features are determined. Based on the method described above, we have determined the exact 3D coordinates of many points along the filament. Due to the tight coupling between filament and flux rope, from observations we can now finally determine the true 3D skeleton of the MFR, as shown in Figure 4 , which is arranged from left to right with different parts as eastern footpoint, upper-ward eastern leg, curved eastern elbow, horizontal arm and shoulder, western elbow, western leg, and western footpoint. Although we can exactly determine the topology of the MFR along the main axis, we could not accurately measure the size of the cross section perpendicular to the main axis. It is accepted that a solar filament only fills the lower volumes of the flux rope (Rust & Kumar 1994; Chae et al. 2001; Guo et al. 2010 ). Here we assume that the cross-sectional size shall be larger than that of the observed filament and set the size at 0.02 solar radius to coincide with the east elbow's apparent width measured from the Hinode XRT image (Figure 2(b) ). Note that this is not a well-constrained physical value and is mainly adopted for the purpose of visualization. The 3D model of the MFR in Figure 4 is shown against the true surface obtained from the synoptic magnetogram map from HMI line-of-sight observations. The PARAVIEW software package, a 3D tool used for interactive scientific visualization (for more details, see http://www. paraview.org), is used to render the model. While the MFR in this event appears as a sigmoid or "S" shape on the projected solar disk as observed from the top, its overall topology in 3D can be described as an "m" shape with the middle leg missing as shown in Figure 4(d) : the western leg sharply rises up to its western elbow from the solar surface with an elevation angle of about 69°and then slowly stretches toward the east along the elbow. The arm and shoulder part, represented by the horizontal line at the top, runs high in the corona and nearly in parallel with the surface but has a shallow dip in the middle. On the east, the flux rope quickly drops down from the eastern elbow to the eastern leg, which intersects the surface with an elevation of about 54°. The average height of the main body (i.e., the arm and shoulder part) is about 60 Mm. The property of high-lying and large size of the MFR may help explain the extremely long duration property of the event.
From Figure 4 , one can easily identify the projection effect on the appearance of the MFR. It appears as a sigmoid as seen from SDO, or the top view (Figure 4(c) ). On the other hand, it appears as the shape "8" as viewed from STEREO-B, or the side view from the east (Figure 4(b) ). From all these perspectives, we now understand why this MFR had a sigmoidal shape as projected onto the solar disk: the western elbow was slightly kinked or writhed toward the north, while the eastern elbow along the arm part was significantly kinked toward the south; the main orientation of the flux rope, determined by the locations of the two footprints, was nearly along the east-west orientation. From the top view, it was more like a "J" shape than an "S" shape, because one of the elbows has little horizontal component projected onto the solar disk to form a hook shape. We further note that there is an asymmetry in the shape, i.e., the eastern elbow is higher than the western elbow.
Kinematic Evolution
To find out the kinematic evolution of the event, we track certain features that can be consistently observed over the time during the early dynamic evolution. The distance-time plot for the prominence observed by STEREO-B 304 Å in a slice along the eruption direction is shown in Figures 5(a) and (b) . The solar rotation has little effect on the variation of the prominence height during the period of the study. The angular velocity of the Sun at the latitude of AR 11236 is 0°. 61 per hour. During the entire 11 hr period of the flare, the Sun rotated less than 7°, which corresponds to a change of height of ∼0. There existed two distinct phases during the eruption as seen from the kinematic changes and GOES X-ray profile: a precursor phase from 01:30 UT to 02:20 UT and an impulsive phase (or main phase) starting from 02:20 UT until possibly the peak time of the flare. The two phases are most clearly separated around 02:20 UT as indicated by the vertical red dotdashed line, but more accurately by a jump in X-ray emission 7 minutes later in GOES high channel in 0.5-4.0 Å, denoted by a red arrow in Figure 5 (b). Prior to 01:30 UT, both the prominence in cool temperature and the sigmoid in hot temperature kept nearly stable, or experienced an unnoticeable rising at best. After about 01:30 UT, the prominence started to slowly rise up at a speed on the order of 10 km s −1 (Figures  5(b) and (d) , bottom panel). After ∼01:50 UT, the filament experienced a slow acceleration and made it speed up to 50 km s −1 ; after 02:10 UT, this feature obtained a speed of Figure 4 . 3D structure of the reconstructed filament or MFR shown from different viewing angles. An "8" shape in panels (a) and (b) is captured by the STEREO/ EUVI-A and EUVI-B, but it is more like an "S" shape in panel (c), in the view of SDO/AIA. An "m" shape is shown in panel (d) from the south pole view. The marks of "WE" (western elbow, the curved part) and "EE" (eastern elbow, the curved part) are at the same location in 3D in all these panels. "EL" shown in panel (d) means the east leg part, "WL" means the west leg part, and the middle horizontal section is the arm and shoulder part.
(An animation of this figure is available.) more than 200 km s −1 . This particular feature could not be easily further traced out owing to the quick depletion of the prominence material when it reached high corona. Since the prominence was observed above the limb, the velocity obtained should have a minimal projection effect. On the other hand, the related hot sigmoid viewed from the SDO/AIA 94 Å (6.3 MK) had a similar kinematic behavior, though its derived velocity was subject to a severe projection effect (Figures 5(c) and (d) ). The sigmoid appeared stationary before 01:30 UT. The velocity had a small increase up to 20 km s −1 between 01:30 UT and 01:50 UT. From 01:50 UT, we can see that the sigmoid had a small but obvious acceleration, with the speed changing from 20 to 50 km s −1
. Emission of the GOES high passband (0.5-4.0 Å) simultaneously increased by almost one order of magnitude. The second phase, the so-called impulsive phase, began at about 02:20 UT. The structure became fully unstable and eruptive: the front velocity of the sigmoid presented a strong acceleration after 02:20 UT, denoting the onset of the fast eruption of the CME. This phase is well known as the CME acceleration phase (Zhang et al. 2001) . The evolution of the erupted MFR front is approximated by a two-stage model consisting of a preceding linear stage and a following exponential stage in velocity (Cheng et al. 2014a , and references therein).
X-Ray Spectrum Analysis
Accompanied by the kinematic evolution of the filament and the sigmoid structure, the energetic emission feature in X-rays with RHESSI also revealed an interesting evolution pattern. For this analysis, we focus on times during the precursor phase and the impulsive phase. In order to ensure a reliable data set of RHESSI, a careful selection is taken to avoid the effort of attenuator state changes, satellite night times, South Atlantic Anomaly (SAA), and other complexities like photon pileup and decimation of data due to instrumental overflood. Figure 6 (and the accompanying movie) shows the reconstructed X-ray sources of the event from RHESSI observations, which are overlapped on the SDO/AIA 94 Å images. Before 02:20 UT, or during the precursor phase, the X-ray source region is only located near the western elbow of the sigmoid with a relatively low energy range (3-6, 6-12 keV); a 12-25 keV or higher hard X-ray source could not be constructed during this period. After 02:20 UT, or during the impulsive phase, the main X-ray emission sources had changed to the middle of the arm/ shoulder part of the sigmoid. The higher-energy channel 12-25 keV became visible in the impulsive phase. We fit the X-ray spectrum with the Object Spectral Executive (OSPEX) software package for source regions in both the precursor phase and impulsive phase (Figure 7) . Its spatially integrated, or panel (d) ), the red triangle symbols depicts the front evolution of the filament (or the hot channel). In the second row, the derived velocity of the filament (or the hot channel) is shown along the profiles of GOES SXR fluxes. The associated uncertainty of the derived velocity is indicated by the shading. The vertical blue line indicates the onset of the flare precursor phase, and the vertical red line marks the onset of the impulsive phase. A red arrow points out the sudden radiation flux enhancement in the GOES SXR high channel.
background-subtracted photon flux is fitted by a variable thermal component (Vth) for the optically thin thermal bremsstrahlung radiation and thick-target bremsstrahlung spectrum from an isotropic electron distribution Version-2 model (thick2) for the nonthermal photon flux that is due to the interaction of energetic electrons with thick-target plasma. The result shows that the source region at the western elbow during the precursor phase mainly behaved as a single thermal source with a fitted temperature of 11.2 MK. On the other hand, the source region that appeared at the arm part after 02:20 UT had the nonthermal contribution dominating over the thermal component at energies above ∼10 keV; the spectral index for the thick-target bremsstrahlung is 10.6 with an uncertainty of 0.4. This analysis revealed the corresponding X-ray radiation Figure 6 . AIA 94 Å images (background) with RHESSI contours during the (a) precursor and (b) impulsive phases. The overlaid contours are from RHESSI X-rays; the blue, orange, and red contours correspond to 3-6 keV, 6-12 keV, and 12-25 keV, respectively. The levels are set at 50%, 70%, and 90% of the maximum brightness accumulated by detectors 4-8.
(An animation of this figure is available.) Figure 7 . RHESSI flare source spectral profiles with the corresponding spectral fits. Panels (a) and (b) illustrate RHESSI spatially integrated, background-subtracted spectra and the corresponding spectral fits during time intervals corresponding to Figures 6(a) and (b) , respectively. The red line indicates an optically thin thermal bremsstrahlung radiation function, the blue line a thick-target bremsstrahlung version-2 model (thick2), the green line a Gaussian function, and the gray line the background. The fitting parameters are marked in each panel, including emission measure (EM), temperature (T), break energy in the electron distribution function (Eb), power-law index (δ) of the electron distribution function below the break energy, and chi-square (c 2 ) of each fitting, assuming a system uncertainty of 5%. Fitting residuals normalized to the 1σ uncertainty of the measured flux are shown at the bottom. Detectors 1, 3, 4, 5, 6, 8, and 9 are used. source regions of the two phases-precursor and impulsive phases are set at the flank (west elbow) and the main body of the sigmoid structure, respectively. Chifor et al. (2007) have disclosed the evidence of discrete, localized X-ray brightenings 2-50 minutes prior to the impulsive phase as the observable signatures of the preflare activity. The locations of these forerunners-transient preflare brightenings-were along the PILs, but not necessarily co-located with the source region of CMEs. Limited by observation instruments, the mechanism of the generation and interaction for the precursor phenomenon is only explained in a hypothetical model in their study. In the following, we present direct observational evidence of the source origin of the preflare brightening.
Morphological Evolution
All the observational results presented above point out that the event experienced a two-phase evolution during the eruption: a precursor phase and an impulsive phase. Here we further look into the morphological evolution starting even before the precursor phase. A clear view of the full evolution of the sigmoid in this active region was detected in hightemperature passbands of SDO/AIA face-on observations. From the long evolution of the active region in Figure 8 , it shows that, 3 hr before the event onset, or at ∼22:31 UT on 2011 June 20, the high-temperature sigmoidal structure had appeared already with a bundle of arcade fields surrounding its western elbow. During the early time of the precursor phase, the arcade brightened around the western elbow of the sigmoid. However, no obvious movement or deformation of the structure was noticeable during this period. As time elapses, the western elbow of the sigmoid appeared smaller, and a concave-shaped loop arcade appeared just beside the western elbow of the sigmoid (Figures 8(c), (d) ). As mentioned earlier, there was also a hard X-ray source at the western elbow (attached movie) during this period. The location of the X-ray source region did not change, as the western elbow was undergoing the morphological transformation due to the reconnection. From 01:50 UT to 02:00 UT, the arcade around the western elbow of the MFR began to light up and the topological configuration deformed from the loop shape to the concave shape and finally became a loop shape again, but at a larger size and an outer location. All these morphological evolutions could clearly be seen in the hot passbands, e.g., 94 Å (T∼6.3 MK), and 131 Å (T∼10 MK). Contrary to the dynamic changes shown in high temperatures, the lowtemperature passbands such as the 304 Å (T∼0.05 MK) and 171 Å (T∼0.63 MK) only showed the flow motion of the prominence instead of the hot sigmoid and overlying arcades. The period of obvious morphological change at the western elbow (01:50 UT to 02:20 UT) coincided well with the weak acceleration of the sigmoid from 20 to 50 km s −1 (Figure 5(d) ). After 02:20 UT, the X-ray source regions were mainly located at the main body of the sigmoid, likely due to the main flare reconnection.
Summary and Discussion
In this paper, we have analyzed an extremely LDE. Using the tie-pointing method (Thompson 2009), we successfully reconstructed the true 3D structure of the MFR. Its overall topology in 3D can be described as an "m" shape. Due to the projection effect, the eastern and western elbows, suspended high on either side of the PIL, are projected on the disk as the hooks of the sigmoid from the face-on view of SDO, but more like a highly kinked "8" shape viewed along the axis from the side view of STEREO. The time evolution of the event, as observed in morphology, kinematics, and X-ray spectrum, indicates that the eruption process is not a single monotonic one. The eruption of this extremely long duration event has two distinct phases: a precursor phase and an impulsive or main phase. Any viable theoretical model shall explain the onset mechanism and the physical driver of the two phases, as constrained by rich observations provided in this event.
We interpret the hot sigmoidal structure and the near cospatial filament as a magnetic configuration of an MFR. We further explain the observations using the cartoon model in Figure 9 based on the preexistence of an MFR. The MFR is intrinsically unstable owing to its own Lorentz self-force or hoop force. The existence of a stable MFR is achieved through the presence of the overlying magnetic field, which exerts a downward strapping force onto the MFR. We believe that, prior to the onset of the precursor phase (∼01:30 UT), the MFR is well in the balance between the hoop force and the strapping force. Based on the observations gathered for this event, we tend to assume that the onset of the precursor phase is triggered by the torus instability of the MFR. The torus instability likely drives the magnetic reconnection between the magnetic field line of the overlying arcade and the field line wrapping around the outer layer of the MFR. The effect of this reconnection is to peel off the overlying field, thus reducing the strapping effect and allowing the MFR to rise up. The reason why we do not think that this reconnection occurred under the MFR is listed as follows. From Figure 8(b) , the newly brightened loop systems had a cross point near the western elbow of the MFR from the top view. As the reconnection went on, the newly formed loops concaved down and finally became a semicircular shape. If the reconnection had occurred below, the configuration would have required the entire western leg of the MFR to be cut off by the reconnection, which was not observed. Such reconnection above the eruption structure during the precursor phase is called external reconnection (Sterling & Moore 2005) . In their study, the core field (or flux rope in our interpretation) was under a slow rising motion, and reconnection occurred above the core field lit up the side lobe region. This slow but persistent rising motion eventually led to the onset of the impulsive phase or the main phase. While we observe that the onset of the impulsive phase was a consequence of the rising motion of the flux rope, it is not entirely clear what physical mechanism triggered the onset. One possibility is that it was triggered by the fast flare reconnection underneath the eruption structure, as suggested by the classical eruptive flare model (CSHKP model; Carmichael 1964; Sturrock 1966; Hirayama 1974; Kopp & Pneuman 1976) . In this scenario, the reconnection occurs in the vertical current sheet formed by the stretching of the surrounding magnetic field of the MFR. The reconnection serves as the role of tether cutting, thus quickly removing the strapping force of the overlying field and allowing the strong and impulsive acceleration of the MFR. In this scenario, the onset of the precursor phase is caused by the torus instability, and the onset of the impulsive phase is caused by the fast magnetic reconnection within the vertical current sheet underneath the MFR.
